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燥制得的 SiO2 气凝胶性质。表面呈海绵状结构，骨架呈纳米 SiO2 颗粒相互交联堆积
成链状的多孔三维网络结构，孔隙率超过 92%，密度为 0.15 g/cm3，表面呈疏水性，
接触角达 157º，热稳定性和疏水稳定性较好，疏水耐温达 500℃。二次改性常压干燥










性较好的块状 SiO2 气凝胶。 
 































Silica aerogels possess extraordinary properties including high porosity, high specific 
surface area, low bulk density and low thermal conductivity, and have potential 
applications in many fields. It will promote the commercial production of silica aerogels by 
reducing costs and improving safety if silica aerogels with good properties can be prepared 
using ambient pressure drying technique. However, compared with the supercritical drying, 
the ambient pressure drying has suffered many disadvantages, especially it usually 
involves complicated multiple steps of solvent exchange and the aerogels prepared are 
commonly with poor monolithicity and lower physical properties. It is, therefore, necessary 
to explore and develop the technique to prepare monolithic aerogels under ambient 
pressure drying. 
In this work, a new method involving a two-step modification via ambient pressure 
drying was developed as a simple and effective route to synthesize hydrophobic monolithic 
silica aerogels. By choosing different modifying agents and processing conditions, a series 
of silica aerogels with different properties were prepared. The physical properties, 
microstructure, surface chemical compositions and thermo-stabilities of obtained silica 
aerogels were systematically studied by nitrogen adsorption/desorption isotherm, scanning 
electron microscopy, high resolution transmission electron microscopy, Fourier 
transformed infrared spectroscopy, thermogravimetry-differntial thermo analysis, X-ray 
photoelectron spectroscopy and solid state nuclear magnetic resonance spectroscopy. The 
variations in the amounts of surface chemical species during the two-step modification 
were obtained and the mechanism of two-step modification was clarified. 
The physical properties of silica aerogels prepared by two-step modification via ambient 
pressure drying were similar to those produced by supercritical drying. The silica aerogels 
exhibited a sponge-like microstructure with nanoparticles stacked and interconnected into a 
porous three dimensional silica network. The porosity was more than 92% and bulk density 
as low as 0.15 g/cm3. The obtained silica aerogel was hydrophobic with the contact angle 















stability up to 500 °C were achieved. The predicted theoretically lightest silica aerogels 
obtained by the two-step modification via ambient pressure drying will have the maximum 
total pore volume of 9.0 cm3/g and the average pore diameter of 16.5 nm. 
The established two-step modification new method achieved the regulations of 
uniformity and stability of skeleton structure and surface hydrophobicity of silica gels step 
by step. Therefore, the monolithic aerogels with good properties comparable to 
supercritical drying could be prepared under the ambient pressure drying. The co-precursor 
MTMS or MTES with a –CH3 group was introduced to react with the silica clusters from 
TEOS through the condensation reactions of silanol. The in-situ attachment of these 
hydrolytically stable –CH3 groups into the framework of silica clusters during the sol-gel 
process made the bulk modification uniformly. This step effectively controlled the 
chemical compositions, physical properties and surface characteristics of silica gels, 
accordingly, the monolithicity of silica gels was also controlled. The formed silica gels 
were aged to strengthen the silica framework. The surface modification of silica gel 
skeletons was then conducted by immersing the silica gels into the TMCS/EtOH/n-Hexane 
modifying agents. The residual Si−OH groups attached on the surface of silica network 
were almost fully converted into the Si−CH3 groups originated form TMCS. At the same 
time, the solvent exchange was also proceeded which resulted in the expelling of pore 
water from the silica alcogels and the entrance of n-Hexane from the modifying agents 
simultaneously. Ultimately, the two-step modification led to significant decrease in surface 
tension of silica network to maintain the unique texture. The hydrophobic monolithic and 
highly thermal stable silica aerogels with lower density and higher porosity were obtained. 
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